Of 47 insulin requiring diabetics aged 21-40 years with autonomic neuropathy (heart rate variability <10), 14 had previously developed iritis. In all except two cases the iritis preceded the autonomic symptoms. The autonomic neuropathy was very severe, 10 patients having two or more characteristic symptoms. Ten of the patients with iritis were women.
Introduction
Autonomic neuropathy together with loss of pain and temperature sensation results from damage to small unmyelinated nerve fibres. Diabetes is the most common disease causing this type of peripheral neuropathy, but it occurs in other rare neuropathies, notably amyloid.' Like diabetes, leprosy and syphilis are also associated with a destructive neuroarthropathy ("Charcot's joints"), probably as the consequence of combined autonomic damage and loss of pain sensation.2 In addition, syphilis and some forms of leprosy are associated with iritis, and we describe the occurrence of iritis in patients with severe diabetic autonomic neuropathy. Iritis is known to be associated with immunologically mediated disorders, leading to speculation that autonomic neuropathy may have an immunological basis.34
Patients and methods
We studied all patients aged 40 or less who were known to have diabetic autonomic neuropathy, as defined by a heart rate variability of less than 10. A control group of patients of similar age and duration of diabetes without symptomatic autonomic neuropathy were also studied. All were insulin requiring.
To determine if any patient had had iritis each was asked whether they had ever had hospital treatment for a painful eye and whether they had had iritis. An affirmative answer to either question was followed up by contacting the ophthalmologist who initiated treatment and a diagnosis of iritis accepted only if made by the ophthalmologist on the basis of symptoms of pain and photophobia and evidence of flare and cells in the anterior chamber.
Patients who had had iritis in the past were examined by an ophthalmologist for causes and sequelae of iritis. HLA tissue typing was performed by established methods. Of the 47 patients with autonomic neuropathy, 14 had had iritis in the past. The iritis group comprised 10 women and four men and the non-iritis group 17 women and 16 men. Table II gives details of their age and duration of diabetes. The control group of insulin requiring diabetics with no symptoms of autonomic neuropathy consisted of 143 patients of similar age range and duration of diabetes (table I); only one of them had had iritis, and this was associated with Reiter's disease.
The iritis was bilateral in 11 patients, all of whom had further episodes, while of three who had a unilateral episode there was a recurrence in only one case. Treatment was always by an ophthalmologist and consisted of steroid eye drops in every case and mydriatics in 12 cases. At the time of diagnosis and subsequent follow up no known cause of the iritis had been found. In particular, there was no evidence of rubeosis iridis. Table I I I shows the severity and details of the autonomic neuropathy. Of the 14 patients with iritis, 10 had two or more characteristic symptoms of autonomic neuropathy and seven also had a Charcot joint, representing a severe peripheral sympathetic neuropathy with pain loss. The heart rate variability was noticeably abnormal in all cases. In the non-iritis group eight out of 33 patients had two or more classic symptoms and four had a Charcot joint. The iritis preceded the autonomic symptoms in all cases except two by a range of six to 60 months. The mean age at diagnosis of the first episode of iritis was 24 9 years (range 17-34) and the mean duration of diabetes at the time was 10 5 years (range [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Two patients developed iritis 24 and 30 months respectively after their autonomic symptoms appeared. The eyes of all 12 living patients with iritis were re-examined by an ophthalmologist. Proliferative retinopathy was present in seven, background retinopathy in three, and no retinopathy in two. There was no evidence of rubeosis or posterior synechiae in any case.
Venereal Disease Research Laboratory and rapid plasma reagin tests gave negative results in all patients. Non-organ-specific autoantibodies were present in a significant titre in one case only to gastric parietal cells at a dilution of 1/160. Examination of HLA state showed that only one was B27 among the nine patients studied.
DR typing showed five to be DR3 or 4, consistent with insulin dependent diabetes. In the four others DR typing was not possible despite repeated attempts.
Discussion
Although over 100 years ago Noyes suggested that diabetes caused iritis 8 and Whittington and Lawrence described a particular type of iritis associated with diabetes,9 there was no suggestion that iritis was linked with diabetic autonomic neuropathy. We have described the presence of iritis in nearly one third of our most severe cases of autonomic neuropathy, suggesting an association between these two conditions. The iritis in all but two cases preceded the first appearance of autonomic symptoms. Interestingly, seven of these patients also had Charcot's joints, otherwise rare and probably another consequence of autonomic neuropathy (sympathetic failure) combined with loss of pain sensitivity.2 The association of iritis-itself an immunologically mediated disorder with circulating immune complexes 0-12-with the small fibre damage which results in autonomic neuropathy leads to speculation that autonomic damage may also have an immune basis.
Further evidence of an immune basis for autonomic neuropathy came from the postmortem studies of Duchen et al on five of our patients with severe autonomic neuropathy," one of whom was included in the present study having had iritis. Inflammatory cellular infiltrations of lymphocytes, macrophages, and occasionally plasma cells were found, particularly related to autonomic nerve bundles and ganglia, in or around bundles of unmyelinated nerve fibres and in the superior cervical sympathetic ganglion.
A hypothesis for a possible mechanism is that insulin antibodies may cross react with nerve growth factor and cause sympathetic nerve damage. Nerve growth factor"' is important for the growth'5 and survivall" of sympathetic nerves in experimental models. Antibodies to nerve growth factor damage sympathetic nerves, and their long term presence in the circulation causes a pronounced atrophy of the superior cervical ganglion in adult rats.'7 Nerve growth factor has some structural similarities to insulin in its amino acid sequence", and predicted secondary'9 and tertiary20 structure. Since nerve growth factor and insulin may therefore share similar antigenic determinants, insulin antibodies might have a similar action to nerve growth factor antibodies and damage sympathetic nerves. Moreover, although nerve growth factor is not present in adult rat irises, sensory or sympathetic denervation leads to rapid accumulation of the factor in the iris.' In autonomic neuropathy the nerve growth factor that might accumulate there may cross react with insulin antibodies and also lead to immune complex formation and iritis.
Diabetic autonomic neuropathy appears to be associated with iritis, suggesting that both may be due to immunological damage. This might result from a cross reaction of insulin antibodies and nerve growth factor. Future investigations of these patients will examine these complex immunological phenomena.
Introduction
The incidence of congenital malformations is about three times higher in infants of insulin dependent diabetic mothers than in the general population.' During recent years a dramatic decrease in both perinatal mortality and neonatal morbidity has occurred as a result of intensive treatment of diabetes during pregnancy. The incidence of congenital malformations, however, has remained essentially the same.2 The exact cause of this increase in malformations in diabetic pregnancies is not known, but experimental3 and clinical data4 show an association between congenital malformations and maternal hyperglycaemia in early pregnancy-the critical period with regard to fetal malformations., ' We report an association between the severity of maternal hyperglycaemia in early pregnancy as measured by blood haemoglobin Al, (HbA,c) values and the occurrence of fetal malformations in mothers with insulin dependent diabetes.
Patients and methods
Between April 1978 and December 1982 the maternal HbAjC value had been determined at least once before the end of the 15th week of gestation in 139 insulin dependent diabetic patients who gave birth after 24 weeks of gestation. Four of them had a twin pregnancy. In addition, a fetal malformation was observed in three cases of induced abortion where an early HbA,, determination had been carried out. In two of these cases preoperative ultrasound had detected the malformation. These cases were also included in the study, so that the total number of pregnancies was 142 and the total number of fetuses 146. The maternal diabetes was classified according to White, as modified by Pedersen.6 Thirty eight pregnancies were in women with class B disease, 45 in women with class C disease, 49 in women with class D disease, and 10 in women with class F disease. The mean maternal age at delivery was 27 3 years (range 19-39).
Principles of the management of pregnancy and delivery of insulin dependent diabetics at this hospital have been described.7 The patients were referred to the hospital between the sixth and 15th weeks of gestation and kept under the care of a specialist team of obstetricians and internists. Ultrasound examinations were performed to determine gestational age, number of fetuses, and fetal morphology and to monitor intrauterine growth. The infants were examined physically by neonatologists at least three times: at birth, at the age of 1 day, and on discharge from the hospital (not before seven days). If a congenital defect was found or suspected further diagnostic studies were carried out when necessary. Pregnancies were classified as (a) not complicated by malformation, (b) complicated by minor
